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ABSTRACT
The Impact of Experiential Virtual Dinosaur Excavation
Assignments on Exam Preparation and Performance in
an Introductory, University-Level Geology Course
Nicole Ortiz
Department of Geological Sciences, BYU
Master of Science
Advocates assert that experiential/applicational learning facilitates deep understanding but there
is a dearth of empirical research testing the effectiveness of experiential learning in university
geology courses. Domack (1999) and Moecher (2004) document applicational assignments
within geology courses. These evaluations, however, are based solely on instructor opinion and
informal student comments. To evaluate the effectiveness of experiential assignments this study
utilizes empirical data from control and test groups in each of two semesters of Geology 100, a
general education course on dinosaurs. Control groups completed traditional research papers
which were replaced by experiential assignments in the test groups. The first semester groups
exhibited no statistical difference in exam scores. Following a redesign of the experiential
assignment for the second semester, the test group scored 4.8% better on average on exams than
the control group. Post-exam questionnaires revealed that the test groups in both semesters of the
study felt the experiential assignments provided significant exam preparation, an opinion not
shared by the control groups’ experience with term papers.

Key words: experiential learning, undergraduate geology, instructional design, applicational
assignments, STEM education
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1. INTRODUCTION
The National Science Foundation has long called on science departments to creatively
help university students achieve scientific literacy via conceptually oriented, instead of factoriented, courses (National Science Foundation, 1996). During the 2007 economic decline in the
United States, the National Research Council reiterated the critical importance of science,
technology, engineering, and mathematics (STEM) education to quality of life and economic
welfare (Committee on Prospering in the Global Economy of the 21st Century, 2007). This call
for educational institutions to emphasize STEM education has expanded globally (Barakos et al.,
2012). The goal is to develop a STEM-literate society able to approach real-world issues through
inquiry and design and draw evidence-based conclusions (Bybee, 2013). Literacy also involves
continued learning, enabling full participation in society (UNESCO, 2008). University
integration of effective STEM curricula serves a vital role in furthering this literacy.
Furthermore, interest in science degrees and overall course experience is positively affected by
participating in research (Astin & Astin, 1992). While engaging in real-time academic research is
not available in all undergraduate courses, STEM research advocates contend that experiential
learning connected to real-world applications facilitates a more profound understanding within
these disciplines (Barakos et al., 2012).
Educators within STEM fields have carefully considered effective methods of instruction.
Active and experiential learning, as envisioned by Kolb (1974, 1981, 2014) and Kolb and Frey
(1974), specifically in the academic sense involving research, labs, and assignments, is espoused
as an effective avenue for lasting learning (Oliván et al., 2019, Hassel & Ridout, 2018, AlNeklawy, 2017, Nilson, 2016, Freeman, et al., 2014, Neupauer, 2008). Experiential activities
allow students to engage in practical and creative thinking, develop subject-specific skills, and
1

learn how to manage complex problems (Nilson, 2016). This process puts foundational
knowledge to use in a meaningful way, not only for exam success but for a significant and
lasting learning experience. Research also suggests that active learning methods, such as guided
assignments and labs, improve the traditional lecture format (Nilson, 2016).
The most comprehensive meta-analysis to date of undergraduate STEM education found
that active learning increased exam performance and had a 45% lower failure rate than learning
under traditional lecturing (Freeman et al., 2014). Another meta-analysis suggested that
experiential learning achieved superior results to traditional learning (Burch et al., 2019) and
noted that few studies demonstrated experiential learning effectiveness through empirical
research with both a test and control group. That study reviewed 13,626 publications dating back
43 years and found only 89 contained empirical data and recommended scholars design research
with control groups to address this shortcoming.
This study follows the recommendation to use a control and test group to study
experiential learning within an undergraduate STEM course. We utilize two semesters of
Geology 100, a course that fulfills part of the physical sciences “general education/common
core” requirement at Brigham Young University (BYU). Course learning outcomes include, but
are not limited to, understanding the basics of sedimentary environments, geologic time,
paleontology, taphonomy, Mesozoic Era environments, and the phylogeny and characteristics of
dinosaurs. The course requires traditional university assignments to support these learning
objectives, including textbook reading quizzes, in-class quizzes, field trips, and writing
assignments. The writing assignments include a short report on dinosaurs from the student’s
home state, single-page summaries of four field trips, a two-page personal philosophy paper, and
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two five-page research papers. The primary purposes of the writing assignments are to improve
writing and research skills and learn about geological or paleontological topics that interest them
to provide a lasting learning experience. There are three exams: two midterms and a cumulative
final, each focused on one-third of the course.
This study documents the evolution and implementation of three experiential assignments
(reports) based on real-world paleontological research questions then tests whether these
assignments (1) improve exam performance and (2) how prepared the students felt before exams.
Statistical analyses were employed to explore exam results and descriptive analyses of
questionnaire responses between control groups (which completed traditional research papers)
and test groups (which completed the experiential-based reports) to evaluate the experiential
assignments.
2. BACKGROUND
Recently, several scholars espoused experiential learning as an important, if not
necessary, key to lasting learning (Marintcheva, B., 2017; Nilson, L. B., 2016; Farnham, K. R.,
et al., 2015; Brown, P. C. et al., 2014; Freeman et al., 2014; Neupauer, R. M., 2008; Totten, I. M.
et al., 2007; Baker, R. D., 2006; Moecher, D. P., 2004; Stukus & Lennox, 2001; Domack, C. W.,
1999). Contemporary instruction theories and educators increasingly criticize traditional lecturebased instruction, leading to efforts to improve the college education experience (Oliván et al.,
2019; Hassel & Ridout, 2018; Al-Neklawy, A. F., 2017; Nilson, 2016; Freeman, et al., 2014,
Neupauer, 2008). In contrast to early philosophies about the nature of learning (Thorndike,
1913), new hypotheses embrace active, flexible, experiential practice within the setting of realworld and relevant contexts as an integral aspect of instruction. The development of the
3

constructivist learning philosophy introduced the significance of deriving meaning from
experience (Driscoll, 1994). Constructivism asserts that learners construct reality as a function of
prior knowledge, cognitive processes, and, most significantly, interpreting personal experiences
(Jonassen, 1991). The applicational values derived from this hypothesis are significant in
contemporary instructional design; knowledge useful in life should be prioritized and cultured
through meaningful activities (Driscoll, 1994). This view is in harmony with the foundations of
experiential learning. To the same end, the Cognitive Load Theory (CLT) advocates a “whole
task” approach to learning, which adheres that students learn best under the umbrella of an
authentic and holistic application (Van Merriënboer et al., 2003). In chapter one, Brown et al.
(2014), citing Karpickle et al. (2010), criticize the conventional habit of massed practice and
argues that deeper learning permits flexible use of knowledge and concludes that practice is most
effective when the learner is effortfully retrieving information within a relevant context.
Studies documenting the implementation of experiential-based, semester-length
assignments in college-level geology courses provide relevant insights into experiential-based
learning in science courses. However, they lack empirical data. Mendelson (1991) utilized an
experiential assignment based around an investigation of fossils. Based on personal observation
that study opined the assignment results in improved communication and motivation. In a
mineralogy course, Moecher (2004) utilized an exercise that required identifying unknown
minerals and a report of findings to address course learning objectives while providing
stimulating and exciting course experiences. Moecher (2004) based the study’s evaluation of
personal opinions via comparison with the traditional course. For an introductory meteorology
course, Domack (1999) changed a non-laboratory course into one that integrated course
materials with personal atmospheric observations. That study reported improved experiences
4

based on course ratings, and informal comments stating the assignment was fun, challenging, and
helped them understand the complex course materials. Totten & Totten (2017) provided an
experiential learning approach for new graduate students in place of traditional lecture-based
learning. It involved sedimentology research focusing on practicing skills and demands expected
of professional field geologists and engaged students in problem solving and scientific discourse.
The authors evaluated the impact of this approach through a qualitative assessment of postcourse interviews. Typical benefits of applicational/experiential learning documented in similar
university science courses include (1) scaffolding course material, (2) enhanced engagement, (3)
more robust understanding of concepts, (4) understanding the interconnectedness of course
topics, (5) improved analysis/interpretation and problem-solving skills, (6) enjoyment of the
course, and (7) producing respect for and interest in the discipline (Farnham & Marintcheva,
2017; and Oelkers, 2017; Dube, 2015; Neupauer, 2008; Baker, 2006). These corroborated the
findings of Stukus & Lennox (2001) that experiential learning yields greater interest and
commitment to a course and fosters more significant independent learning of material and skills.
None of the studies, however, included empirical data utilizing a control group.
3. METHODS
We aimed to gain a deeper understanding of the benefits of experiential learning within
undergraduate STEM courses by evaluating direct and indirect benefits. A practical method of
assessing direct learning measures is quantitative data analysis from formative assessments
(Hernon, 2003). Our primary hypothesis was that experiential assignments would result in higher
exam performance than term papers in Geology 100. This was tested by comparing exam scores
between the Control Group, which wrote two substantive research papers, and the Test Group,
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wherein the term papers were replaced by three experiential assignments. Aside from this
difference, there was no difference in the other course assignments/requirements.
Indirect measures of learning are also valuable in evaluating instructional methodology
(Hernon, 2003). These include perceptions of, and satisfaction with, the educational experience.
To this end, feedback on self-efficacy and opinions of the assignments were collected. Selfefficacy is the confidence in one’s capability to prepare for and meet educational expectations
(Alfassi, 2003; Bandura, 1997; Zimmerman, Bandura & Martinez-Pons, 1992). Mounting
evidence in instructional psychology supports the beneficial aspect of self-efficacy as a strong
predictor of accomplishment (Bandura, 1997; Pajares, 1996). Our study analyzed perceived
levels of confidence in exam preparation to explore the possible impacts on self-efficacy. Freeresponse questions within the questionnaires prompted feedback on the assignments to produce
data concerning opinions and experience. Both groups over the two semesters of this study
participated in analyses of confidence and other perspectives via questionnaires regarding
research papers and experiential assignments.
3.1 Data collection
Brigham Young University’s human research protection program’s Institutional Research
Board protocols were followed in collecting data for this study. A third party introduced the
purpose of this study to the students. Waivers of informed consent communicated whether
students consented to allow exam and assignment scores in this research. Participation in the
anonymous questionnaire implied consent.
Data were collected during two semesters, termed Iterations 1 and 2. Each semester
included two groups; a test and a control group. Iteration 1 offered two sections of the course.
6

One section had 44 enrolled and was designated the Control Group, writing the traditional
research papers. The other section had 37 enrolled, the Test Group, completing the experiential
assignments. Quantitative data were available for 39 students (88.6%) in the Control Group. In
the Test Group data were available for only 23 students (59%) due to a low rate of completed
waivers of informed consent.
Iteration 2 offered only one section of the course. Enrollment included 85 participants,
and the course was divided into groups based on last names. The Control Group (research
papers) had 38 students whose last names began with A-K, and the Test Group (experiential
assignments) had 47 students whose last names began with L-Z. Dividing one section into two
groups in this way allowed us to minimize possible confounding influences of sections given at
different times of the day – a possible issue with Iteration 1. However, the groups in Iteration 2
lacked a degree of independence because students could see the difference in required
assignments. Quantitative data were available for 79 students; five opted out, and one completed
the reports after the Final Exam and thus had no impact on exam scores.
We collected quantitative data in two ways: via post-exam questionnaires and as
assignments recorded in BYU’s grade book software, AIM, via Learning Suite™, the BYU’s
proprietary course management software. We recorded exam and assignment scores into
Learning Suite™. We also collected data on the perceived level of preparation for each exam. In
Iteration 1, the anonymous questionnaires collected a numeric rating of confidence (on a scale
from 1-10) after the exams. In Iteration 2, confidence data were collected before exams to
remove response bias. The confidence question was given separately from the questionnaire as a
confidential but not anonymous, one-question survey in Learning Suite™. Post-exam
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questionnaires were available after the corresponding exam closed and were available for two
weeks post. Questions provided in the post-exam questionnaires prompted reflection on each
assignment’s exam preparation level within corresponding exam materials.
In Iteration 1, the questionnaires for Exams 1 and 2 prompted students to indicate the
degree to which each assignment prepared them for the corresponding exam via a four-point
Likert scale. Choices included: provided no, little, some, and significant preparation. A freeresponse question prompted opinions of the course assignment that offered the best exam
preparation. The Final Exam questionnaire sought their perception of the Reports through a rankorder prompt, sorting assignments against each other based on their usefulness in preparing for
the Final Exam. Ideally, the prompt would have been identical to the previous two
questionnaires, but an earlier draft of the questionnaire was inadvertently published.
In Iteration 2, each questionnaire included the Likert scale indicating the degree to which
each assignment offered exam preparation and the free-response question to provide additional
opinions on the assignments; they did not include rank-order questions. The final questionnaire
also included a free response question to prompt constructive comments about the experiential
assignments.
3.2 Statistics
Exam and assignment scores were exported from Learning Suite™ into the statistical
software JMP Pro 15™ (2020) with identifiers removed. A pre-test was given at the beginning of
both iterations to gauge prior knowledge in course material and confirm that the participants
began at the same mastery level. Statistical analysis included two-sample t-tests to identify
differences in prior knowledge.
8

The primary hypothesis was that the Test Group would perform better on the exams than
the Control Group. In addition to exam scores, perceptions of self-efficacy were explored,
measured as a scale of confidence in exam preparation. Statistical analysis utilized two-sample ttests to identify differences in exam scores and confidence levels between the Control and Test
groups in both iterations.
Iteration 2 administered the confidence questionnaire via Learning Suite™. This critical
change provided the ability to explore whether self-reported confidence correlated with exam
performance. Differential regression analysis was employed to explore the accuracy of
perceptions of mastery between the groups. The groups and reported levels of confidence and
interaction between the two were included in the regression model against the exam scores to
produce a statistical analysis of the correlation between confidences and exam scores. The model
ran a second time with the interaction removed if it was insignificant (p-value>0.05) to explore
the difference in intercepts (which represented the difference in exam scores between groups at
the same confidence level). A final quantitative evaluation in Iteration 2 included a simple
regression analysis to explore the correlation between scores on the assignments (research papers
and experiential assignments) and the corresponding exams.
Medians of Likert scale and rank order questions related to the research papers and
experiential assignments in the respective iterations were calculated in Excel® (2020). Freeresponse questions were reviewed and coded in Excel® based on common themes in the
responses. We produced all tables and illustrative frequency distributions in Excel®.

9

3.3 Development
We created the experiential learning assignments of Iteration 1 to support students by
requiring applying their knowledge of course material to an analysis of four simulated dinosaur
quarries. It required consideration of the depositional environment, body, trace, and plant fossils.
It also included discussing the changing environments through the Mesozoic era as represented
in the quarries and based on their analyses. Submissions occurred in three reports before taking
the three corresponding exams.
This assignment was an opportunity to apply cumulative knowledge of geology and
paleontology to a study of the simulated quarries. Using the learning objectives as a foundation,
students employed highly schematic quarry maps showing body, trace, and plant fossils in their
analyses (Figure 1). Each fossil was labeled and color-coded to correspond to related data in field
notes that accompanied the maps. In addition to correlated labels, the field notes included (1) the
location of the quarry, (2) a description and image of the rock matrix, (3) supplemental images of
most map elements, and (4) additional prompts to promote deeper understanding. A written
report was required, using the map and notes to practice and demonstrate proficiency in course
learning objectives.
Report 1 included subjects of Exam I: paleontology basics, depositional environments,
and definition and diagnostic characters of Triassic archosaurs, and Report 2 included subjects of
Exam 2: the taxonomy of the major dinosaurian clades of the Mesozoic. Reports 1 and 2
received a grade out of 50 points and included instructor feedback addressing misconceptions
and other significant concerns. Students made necessary changes after receiving instructor
feedback for the first two submissions. The Final Report required adding a final section of the
10

assignment, which included subjects of the Final Exam: dinosaur biology and behavior, and
changing Mesozoic environments, and then combine it with the first two submissions (with
feedback addressed), creating one complete document. The final report received a grade out of
70 points: 50 points for the final groups covering material for the Final Exam, 10 points for
including the first two reports with feedback addressed, and 10 points for including a conclusion
and updated introduction which discussed their complete evaluation of the four quarries.
Submission due dates preceded the related exams.

Figure 1. Sample of experiential assignment materials. Includes a field map (A) and an excerpt
of body fossil field notes (B). Maps illustrate body, plant, and trace fossils to scale within a 1meter by 1-meter grid. Maps distinguish elements with color-coded labels and some
supplementary images. Field note entries have an alphanumeric identifier that corresponds to
field map objects. Each field note object includes a description of the fossil(s) and often includes
task prompts that promote a more profound understanding.
The reflection of Iteration 1 promoted some adjustments to improve (1) the experience in
completing the experiential assignments and (2) the ease of the instructing team in explaining it
and supporting students throughout the semester. Though manageable, it was sometimes difficult
to explain such a significant assignment in digestible segments. Students were sometimes
11

confused with what we expected of them at a specific time versus the end of the semester. Three
separate submissions were required (Report 1, Report 2, and Report 3) that did not build on each
other to create a final inclusive document to address this concern. This change would allow
students to focus on one report at a time without being concerned or confused about future
assignments. However, a significant aspect of the semester assignment was to provide instructor
feedback and provide motivation to read and implement it. The final submission was the original
motivation for this, requiring students to address feedback from previous submissions. The
second submissions of Reports 1 and 2 were required to maintain the motivation to consider
instructor feedback.
Another observation concerning length. Instructions did not initially specify a page limit
for the experiential assignments Final Report. We expected page length to be seven to 10-pageslong, but submissions ranged from 15 and 25 pages. We did not intend excessive length in the
assignment’s design, and informal comments throughout the semester communicated concern
with length. To address this, we removed elements of the analysis that were less relevant to exam
material. We also believed this concern would be eased by not requiring a comprehensive
document after the semester. Iteration 2 fully implemented these changes.
4. RESULTS
To assess the benefits of experiential learning in Geology 100, this study evaluated direct
and indirect benefits. Quantitative results of Iteration 1 included data concerning exam score and
exam-preparation confidence. Quantitative results of Iteration 2 also included a regression
analysis of confidence versus exam score and assignment score and exam score. Both iterations
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included a qualitative analysis of post-exam questionnaire responses, prompting students to
reflect on the level of exam preparation their course assignments offered.
4.1 Iteration 1
Quantitative results of Iteration 1 included a statistical analysis of exam scores and
confidence levels between the Test and Control groups. Qualitative results included descriptive
analysis of post-exam questionnaire responses.
Students completed a pre-test at the beginning of the semester to gauge prior knowledge
of course material and ensure there was no bias due to prior background knowledge in the
analyses. There were no significant differences in prior knowledge between the Control and Test
groups (Figure 2).

Figure 2. Iterations 1 and 2 pre-test statistics. This analysis measures differences in prior
knowledge of course topics between the Control and Test groups. Identical box plots (A and B)
and large p-values (0.6 and 0.5) from the pooled t-test output tables (C and D) indicate no
significant difference in prior knowledge between the groups in each iteration.
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4.1.1

Quantitative analyses

The primary quantitative question was whether there was a difference in exam scores
between the Test and Control groups as determined via exam scores. The secondary quantitative
interest was the perceived level of exam preparation (confidence) probed by post-exam
questionnaire responses concerning confidence. Exam scores and confidence responses of both
groups were statistically analyzed and are presented in this section.
4.1.1.1 Exam 1
The Test Group scored 0.58% higher on Exam 1, on average, than the Control Group
(Figure 3). The true difference between the groups is 4.3% and -3.2% at the 95% confidence
level. This difference is not statistically significant (p-value=0.39), indicating the Control and
Test groups scored the same on average.

Figure 3. Iteration 1 Exam 1 statistics. This analysis tests whether there is a difference in scores
and confidence in exam preparation between the Control and Test groups. Box plots with similar
spread (A and B) and pooled t-test data (C and D) providing large p-values (0.38 and 0.9)
indicate no significant difference between exam scores or self-reported confidence levels.
14

The Test Group reported being 0.6 points less confident going into Exam 1, on average,
than the Control Group (Figure 3). The true difference between the groups is 0.18 points and -1.5
points at the 95% confidence level. This difference is not statistically significant (p-value=0.9),
indicating the Control and Test groups were equally confident going into the exam.
4.1.1.2 Exam 2
The Test Group scored 1.2% higher on Exam 2, on average, than the Control Group
(Figure 4). The true difference between the groups is 6.5% and -4.2% at the 95% confidence
level. This difference is not statistically significant (p-value=0.3), indicating the Control and Test
groups scored the same on average.

Figure 4. Iteration 1 Exam 2 statistics. This analysis tests whether there is a difference in scores
and confidence in exam preparation between the Control and Test groups. Box plots with similar
spreads (A) and pooled t-test data (B), providing a large p-value (0.3), indicate no significant
difference between exam scores. Box plots with slightly different spreads (C) and pooled t-test
data (D) providing a moderate p-value (0.059) indicate there is a moderately significant
difference between self-reported confidence levels.
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The Test Group reported feeling 0.6 points more confident going into Exam 2, on
average, than the Control Group (Figure 4). The true difference between the groups is 1.4 points
and -0.17 points at the 95% confidence level. This difference is moderately significant (pvalue=0.059), indicating this difference in confidence between the Control and Test groups most
likely was not due to chance.
4.1.1.3 Final Exam
The Test Group scored 1.2% higher on the Final Exam, on average, than the Control
Group (Figure 5). The true difference between the groups is 6.9% and -8.2% at the 95%
confidence level. This difference is not statistically significant (p-value=0.57), indicating the
Control and Test groups scored the same on average.

Figure 5. Iteration 1 Final Exam statistics. This analysis tests whether there is a difference in
scores and confidence in exam preparation between the Control and Test groups. Box plots with
similar spreads (A) and pooled t-test data (B), providing the large p-value (0.57), indicate no
significant difference between exam scores. Box plots with very different spreads (C) and
extremely low p-value (<0.0001) (D) indicate an extremely significant difference between selfreported confidence levels. The Control Group reported overwhelmingly low confidence than the
Test Group even though both groups performed about equally well on the exams.
16

The Test Group reported being 5 points more confident going into the Final Exam, on
average, than the Control Group (Figure 5). The true difference between the groups is 5.6 points
and 4.4 points at the 95% confidence level. This difference is statistically significant (pvalue<0.0001).
4.1.2

Qualitative analyses

The focus of the quantitative analysis in Iteration 1 was exam performance. The
secondary interest of the study was indirect benefits. Post-exam questionnaires prompted
reflection on each assignment’s exam preparation level within corresponding exam materials.
The results provided qualitative data concerning student feedback of their experience in exam
preparation through course assignments. Descriptive analyses of these results are provided in this
section.
The first two questionnaires prompted students to indicate the degree, via the Likert
scale, which assignments offered the best preparation for exams. In the post-exam questionnaire
for Exam 1, the Test Group's median responses indicated the experiential assignments Report 1
provided some preparation, while the median responses in the Control Group reflected that
Research Paper 1 provided little preparation, with no responses that indicate significant
preparation (Figure 6). In the post-exam questionnaire for Exam 2, the Test Group’s median
responses indicated that Report 2 provided some preparation, and none indicated it provided no
preparation. In contrast, the Control Group’s median responses indicated Research Paper 2
(which was not yet due) provided no preparation, with no responses that indicated significant
preparation. When prompted to identify and rank assignments preceding the Final Exam that
provided the best preparation, the Test Group’s vast majority ranked the Final Report higher.
17

Simultaneously, the Control Group’s median response was the 4th rank (out of six). The Test
Group’s results of the free-response question indicated the experiential assignments provided the
best preparation; 33.3% mentioned the assignments in the first questionnaire, 60% in the second,
and 71.9% in the third. Simultaneously, only 8.7%, 0.0%, and 8.1% respectively mentioned the
Research Papers in the Control Group.

Figure 6. Iteration 1 comparison of questionnaire responses. This analysis explores opinions
regarding the perceived effectiveness of assignments for exam preparation. Responses for Exam
1 (A) and Exam 2 (B) indicate the experiential assignments provided “some” preparation, while
the research paper provided “little” preparation for Exam 1 and “no” preparation for Exam 2.
Final Exam responses (C) indicate the experiential assignment provided the best preparation
(first rank out of six) compared to other course assignments, while the research paper was ranked
fourth. Note: Research Paper 2 was not due before Exam 2; students in the Control Group were
in this assignment’s draft stage.
An additional free-response question was added to the Final questionnaire to explain why
their top choice of which assignment was most beneficial. The most common comments in the
Test Group was that the experiential assignments Final Report provided a review of exam18

specific content and that it required personal effort beyond fact memorization (Figure 7). The
three students in the Control Group who discussed their Research Paper indicated that they
intentionally chose a topic covered on the exam.

Figure 7. Iteration 1 frequency distribution of response themes. This analysis explores responses
to why students felt the Final Report prepared them for the exam. The most common comments
attributed perceived superior preparation to exam-specific content (48%) and the requirement of
personal effort (36%). Note: Some students included more than one theme in their responses.
4.2 Iteration 2
Quantitative results of Iteration 2 included exam scores and exam-preparation
confidence, as well as regression analysis between confidence and exam score and of assignment
score and exam score. Qualitative results included descriptive analysis of post-exam
questionnaire responses.
We implemented the experiential assignments with minor changes described in the
discussion in Iteration 2. This iteration also included a pre-test and showed no significant
difference in prior knowledge between the groups (Figure 2).
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4.2.1

Quantitative analyses

As in Iteration 1, the primary quantitative question of interest was whether there was a
difference in exam scores. The secondary quantitative interest was in the perceived level of exam
preparation (confidence). We also analyzed the relationship between perceived level of
confidence and actual exam score to explore possible indirect benefits of the experiential
assignments. The correlation between the experiential assignments versus the research papers
and the exam scores were also analyzed. The results of these analyses are presented in this
section.
4.2.1.1 Exam 1
The Test Group scored 3.9% higher on Exam 1, on average, than the Control Group
(Figure 8). The true difference between the groups ranged between 6.9% and 0.86% at the 95%
confidence level. This difference is statistically significant (p-value=0.006).
The Test Group reported being 0.35 points more confident going into Exam 1, on
average, than the Control Group (Figure 8). The true difference between the groups is 0.4 points
and -1.1 points at the 95% confidence level. This difference is not statistically significant (pvalue=0.8), indicating the Control and Test groups were equally confident going into the exam.
The regression analysis provided a large p-value (p-value=0.5) on the interaction,
indicating there was no significant difference between the slopes; the correlation between
confidence and performance on Exam 1 was the same between both groups (Figure 9). However,
the small p-value of the F-test (p-value=0.0049) indicated that there was an aspect of the model
that was significant.
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Figure 8. Iteration 2 Exam 1 statistics. This analysis tests whether there is a difference in scores
and confidence in exam preparation between the Control and Test groups. Box plots with
different spreads (A) and pooled t-test data (B), providing a small p-value (0.0064), indicate no
significant difference between exam scores. Box plots with similar spreads (C) and pooled t-test
data (D) providing the large p-value (0.8) indicate there is no significant difference between selfreported confidence levels.
The model was further explored after removing the non-significant interaction (the
difference between the two groups’ relationship between confidence and exam score). The
correlation of both groups’ reported confidence and actual performance on the exam proved
significant (p-value=0.008), indicating regardless of group, for every point of higher confidence,
students scored 1.27% better on average. The true slope is between 0.35% and 2.2% at the 95%
confidence level. However, there was a significance in the difference in intercepts between the
Control and Test groups (p-value=0.007), indicating that the Test Group scored 4.3% higher on
average compared to the Control Group at the same confidence level (Figure 9). The true
difference is between 1.2% and 7.4% at the 95% confidence level.
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Figure 9. Iteration 2 Exam 1 regression analysis data. This analysis explores the correlation
between self-reported confidence level and exam scores between the Test and Control groups
and the correlation between assignments and exam scores. Visual observation of the regression
plot (A) shows little difference in slopes. The Effects Test (B) provides a large p-value (0.5) on
the interaction (Group*Exam 1 Confidence), confirming there is no difference in correlations.
However, the Analysis of Variance table (C) provides a low p-value (0.0049) for the F-test,
indicating a significant aspect of the model and supports removing the interaction and rerunning
the regression analysis. Visual observation of the regression lines after removing the interaction
(D) indicates identical slopes. The Indicator Function Parameterization table (E) provides a small
p-value (0.007) on the slopes (Exam 1 Confidence), confirming the correlations are the same.
The table also provides a small p-value (0.007) for the difference in intercepts (Group[Control]),
indicating that there is a statistical difference in scores between Control and Test groups at the
same confidence level. The estimate of this value (-4.3) provided in the table provides the Test
Group’s average percent over the Control Group at the same confidence level. The regression
plot (F) illustrates a moderate positive correlation between the experiential assignment and exam
scores. The Indicator Function Parameterization table (G) provides a small p-value for the slope
(0.01), confirming the correlation’s statistical significance. Note: The Control Group research
paper was in the draft phase and had not been submitted.
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The final aspect of the exam we examined was the relationship between assignment
(research paper and Report 1) scores and Exam 1 scores. In the Test Group, for every point
scored on the Report, students scored 0.83% better on the exam on average (Figure 9). The true
slope is between 0.2% and 1.5% at the 95% confidence interval. The small p-value indicated that
the slope was significant (p-value=0.01), indicating that on average, the Test Group individuals
who scored higher on the Report scored higher on the exam. Contrastingly, in the Control Group,
for every point scored on Research Paper 1, the Control Group scored 0.6% better on the exam
on average (Figure 9). The true slope is between -0.4% and 1.6% at the 95% confidence interval.
The large p-value for the slope (0.2) indicated it is not a statistically significant correlation.
4.2.1.2 Exam 2
The Test Group scored 6% higher on Exam 2, on average, than the Control Group
(Figure 10). The true difference between the groups is 10.7% and 1.3% at the 95% confidence
level. This difference is statistically significant (p-value=0.006).
The Test Group reported being 0.2 points more confident going into Exam 2, on average,
than the Control Group (Figure 10). The true difference between the groups is 0.9 points and -0.5
points at the 95% confidence level. This difference is not statistically significant (p-value=0.26),
indicating the Control and Test groups were equally confident going into the exam.
The regression analysis provided a large p-value (p-value=0.16) on the interaction,
indicating no significant difference between the slopes; the correlation between confidence and
performance on Exam 2 was the same between both groups (Figure 11). However, the small pvalue of the F-test (p-value=0.0003) indicated that there was an aspect of the model that was
significant.
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Figure 10. Iteration 2 Exam 2 statistics. This analysis tests whether there is a difference in scores
and confidence in exam preparation between the Control and Test groups. Box plots with
different spreads (A) and pooled t-test data (B), providing a small p-value (0.0064), indicate no
significant difference between exam scores. Box plots with similar spreads (C) and pooled t-test
data (D) providing the large p-value (0.2) indicate there is no significant difference between selfreported confidence levels.
The model was further explored after removing the non-significant interaction. The
correlation of both groups’ reported confidence and actual performance on the exam proved
significant (p-value=0.001), indicating that regardless of group, students scored 2.5% better on
average for every point of higher confidence. The true slope is between 1% and 3.9% at the 95%
confidence level. However, there was a significance in the difference in intercepts between the
Test and Control groups (p-value=0.0019), indicating that the Test Group scored 5.4% higher
than the Control Group at the same confidence level (Figure 11). The true difference is between
0.9% and 9.9% at the 95% confidence level.
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Figure 11. Iteration 2 Exam 2 regression analysis data. This analysis explores the correlation
between self-reported confidence level and exam scores between the Test and Control groups and the
correlation between assignments and exam scores. The regression plots (A) show a difference in
slopes. The data tables provide p-values to test whether the difference is significant. The Effects Test
(B) provides a large p-value (0.17) on the interaction (Group*Exam 2 Confidence Level), confirming
there is no difference in correlations. However, the Analysis of Variance table (C) provides a low pvalue (0.0003) for the F-test, indicating a significant aspect of the model and supports removing the
interaction and rerunning the analysis. The regression lines after removing the interaction (D)
indicate identical slopes. The Indicator Function Parameterization table (E) provides a small p-value
(0.001) on the slopes (Exam 2 Confidence Level), confirming the correlations are the same. This
table yields a low p-value (0.019) for the difference in intercepts (Group[Control]), indicating a
statistical difference in Control and Test groups scores at the same confidence level. The estimated
value (-5.4) provides the Test Group’s average percent over the Control Group at the same
confidence level. Regression plots (F, G) show a positive correlation between group assignments and
their exam scores. The Indicator Function Parameterization tables (H, I) provide small p-values for
the slopes (0.0002, 0.009), confirming the correlations’ significance.
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Additionally, we were interested in whether performance on Report 2 correlated with
their performance on the exam. We did not explore the correlation between Research Paper 2 and
the exam scores because it was not due before the exam. In the Test Group, for every point
scored on the Report, students scored 1.3% better on the exam on average (Figure 11). The true
slope is between 0.6% and 1.9% at the 95% confidence interval. The very small p-value
indicated that the slope was significant (p-value=0.00002), indicating that on average, the Test
Group individuals who scored higher on the Report scored higher on the exam.
4.2.1.3 Final Exam
Because the Final Exam was worth 140 points than 100 for Exams 1 and 2, this section’s
data values are in points, the Test Group scored 6.5 points (4.6%) higher on the Final Exam, on
average, than the Control Group (Figure 12). The true difference between the groups is 12.6%
and 0.4% at the 95% confidence level. This difference is statistically significant (p-value=0.02).
The Test Group was 0.3 points more confident going into the Final Exam, on average,
than the Control Group (Figure 12). The true difference between the groups is 1.1 points and -0.4
points at the 95% confidence level. This difference is not statistically significant (p-value=0.2),
indicating Control and Test groups were equally confident going into the exam.
The regression analysis provided a small p-value (p-value=0.01) on the interaction
indicating a significant difference between the slopes; the correlation between confidence and
performance on Exam 2 was different between both groups (Figure 13). Observation of the
regression plot provides that the Test Group scored the same (116/140 points) on average,
regardless of their reported confidence level. In contrast, the Control Group had a strong positive
correlation between their confidence level and their exam score.
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Figure 12. Iteration 2 Final Exam statistics. This analysis tests whether there is a difference in
scores and confidence in exam preparation between the Control and Test groups. Box plots with
different spreads (A) and pooled t-test data (B), providing a small p-value (0.018), indicate no
significant difference between exam scores. Box plots with similar spreads (C) and pooled t-test
data (D) providing the large p-value (0.8) indicate there is no significant difference between selfreported confidence levels.
Lastly, we were interested in whether performance on Research Paper 2 and Report 3
correlated with the Final Exam performance. In the Test Group, for every point scored on the
Report, students scored 0.5% better on the exam on average (Figure 13). The true slope is
between 0.04% and 0.9% at the 95% confidence interval. The small p-value indicated that the
slope was significant (p-value=0.03), indicating that on average, the Test Group individuals who
scored higher on the Report scored higher on the exam. Contrastingly, in the Control group, for
every point scored on Research Paper 2, the Control Group scored 0.6% better on the exam on
average (Figure 13). The true slope is between -0.4% and 1.6% at the 95% confidence interval.
The large p-value for the slope (0.2) indicated it is not a statistically significant correlation.
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Figure 13. Iteration 2 Final Exam regression analysis data. This analysis explores the correlation
between self-reported confidence level and exam scores between the Test and Control groups
and the correlation between assignments and exam scores. Visual observation of the regression
plot (A) shows a significant difference in slopes; the Test Group scored an 82.8% on average
regardless of confidence level, while the Control Group maintained a strong positive correlation
between exam confidence and exam score. The Effects Test (B) provides a small p-value (0.01)
on the interaction (Group*Final Exam Confidence Level), confirming the difference in
correlations. The regression plot (C) illustrates a strong positive correlation between the
experiential assignment and exam scores. The Indicator Function Parameterization table (D)
provides a small p-value for the slope (0.01), confirming the correlation’s statistical significance.
The regression plot (E) illustrates a moderate positive correlation between the research papers
and exam scores. The Indicator Function Parameterization table (F) provides a large p-value for
the slope (0.2), indicating that this correlation is not statistically significant.
4.2.2

Qualitative analyses

As in Iteration 1, the focus of the evaluation in Iteration 2 was exam performance. The
secondary interest was indirect benefits. Iteration 2 also included post-exam questionnaires,
which prompted reflection on each assignment’s exam preparation level within corresponding
28

exam materials. The results provided data concerning student feedback about their experience in
exam preparation through course assignments. Descriptive analyses of these results are provided
in this section.
Like Iteration 1, the questionnaires asked to indicate the degree to which assignments
prepared them for the exam via a Likert scale. In the questionnaire concerning Exam 1
preparation, the median response in the Test Group indicated Report 1 provided some
preparation (Figure 14). The median response in the Control Group indicated that Research
Paper 1 (which was not yet due) provided little preparation, and no one indicated the Research
Paper offered significant preparation. In the post-exam questionnaire for Exam 2, the Test
Group’s median response indicated that Report 2 provided significant preparation. In contrast,
the Control Group’s median response indicated that Research Paper 1 provided little preparation.
In the final questionnaire concerning preparation for the Final Exam, the Test Group’s median
response indicated that Report 3 provided significant preparation; no responses indicated it
provided no preparation. The median response in the Control Group indicated that Research
Paper 2 provided some preparation.
The questionnaire’s free-response question was a second avenue to determine which
assignments best prepared them for exams. This question’s results indicated that the report was
the primary source of exam preparation in the Test Group. In the Control Group, few indicated
the Research Paper helped in exam preparation.
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Figure 14. Iteration 2 comparison of questionnaire responses. This analysis explored opinions
regarding the perceived effectiveness of assignments for exam preparation. Exam 1 responses
(A) indicate experiential assignments provided “some” preparation for the exam, while the
research papers provided “little” preparation. Exam 2 responses (B) indicate the experiential
assignments provided “significant” preparation for the exam, while the research papers provided
“little”. Final Exam responses (C) indicate the experiential assignments provided “significant”
preparation for the exam, while the research papers provided “some”. Note: Research Paper 2
was not due before Exam 1; students in the Control Group were in this assignment’s draft stage.
Lastly, we were interested in student experience with and opinions of the experiential
assignments. The final questionnaire prompted the Test Group to provide feedback on the
experiential assignments. The most common comment was a combination of themes; 38.9% of
responses reported that the reports were either long or demanding at times, but they also
provided good exam preparation (Figure 15). Responses also revealed enjoyment in the
applicational nature of the reports. Additional constructive criticism themes ranging in frequency
from 8.3% to 16.7% suggested that the reports were difficult, tedious, or that instructions could
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be clarified. These responses support the experiential assignments as valuable exam preparation
and will contribute to improvements in the experiential assignments in future iterations

Figure 15. Iteration 2 frequency distribution of response themes. This analysis explored
constructive comments on the experiential assignments. The most common comments
indicate they provided good exam preparation (44.4%) and were long (38.9%). Note:
Some students included more than one theme in their response; 38.9% of responses
included a combination of “good exam preparation” and “long” or “difficult”.
5. DISCUSSION
This study is an empirical evaluation of experiential learning effects in undergraduate
STEM courses, specifically Geology 100 at BYU. The primary hypothesis was that experiential
learning assignments (i.e., the experiential Reports used in the Test groups) would produce better
exam scores than traditional research papers. The research papers’ primary purpose was to
improve writing and research skills and provide an avenue for lasting learning of course material
topics. The experiential assignments scaffold course materials to prepare students for exams.
While this study did not directly measure lasting learning, the experiential assignments’ design
intention also addressed improving course topics’ lasting learning. Iteration 1 showed no
improvement in exam scores. Consequently, we revised the experiential assignments for Iteration
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2. The secondary interest was the indirect benefits of experiential learning, which was evaluated
based on self-reported confidence in exam preparation (self-efficacy), reliability on feelings of
confidence to predict exam performance, and personal opinions of the assignments.
In Iteration 1, there were no statistically significant differences in exam scores between
the Control and Test groups. This result was perplexing, considering the Test Group had to
completed experiential assignments based on course learning objectives to provide practice of
topics covered in the exams. On the other hand, the Control Group was simply encouraged to
prepare for exams using the same learning objectives (study guide). Over the two semesters
before starting this study (Iteration 1), the average was 80% on the exams, suggesting traditional
coursework sufficiently teaches learning objectives represented on the exams. Another possible
reason for this lack of significance is the difference in groups of students. The students in the
Test Group may have lacked a degree of academic motivation present in the Control Group.
While this study did not include a direct measure of this, informal observations of student
interactions in the two groups support this speculation. While exam scores are the norm in
evaluating learning experiences’ efficacy, this study also explored indirect benefits.
The questionnaire responses provided an added perspective on the possible value of the
experiential assignments. There was no significant difference in confidence levels before Exam 1
(p-value=0.9). However, we found a statistically moderate difference (p-value=0.059) in
reported confidence levels before Exam 2 and an extremely significant difference (pvalue=0.0001) in confidence before the cumulative Final Exam. This result suggests that
participants who completed the experiential assignments felt more confident in their exam
preparation than those who completed the research papers. However, there was no difference in
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their exam performance. Before the Final Exam, the Test Group confidence responses were
overwhelmingly high, averaging seven out of ten, with ten being the highest value reported
(Figure 5).
In contrast, the Control Group averaged one out of ten, with three being the highest value
reported. This extreme result reflects how prepared the students felt before the Final Exam and
suggests that the experiential assignments provided a more positive preparation experience.
Student questionnaire responses further support this conclusion.
Iteration 1 post-exam questionnaire responses concerning exam preparation offered by
their assignments provided insight into student opinions of their exam preparation. In Iteration 1,
the Exam 1 questionnaire yielded 43 responses in the Test Group and 24 in the Control group;
Exam 2 questionnaire yielded 36 responses in the Test Group and 44 in the Control Group, and
the Final Exam questionnaire yielded 32 responses in the Test Group, and 37 in the Control
Group. When asked to identify the exam preparation level their assignments offered, the median
Test Group indication for the experiential assignments was “some” for Exams 1 and 2 and “best
preparation” (#1 on the rank-order scale) for the Final exam. In contrast, the median Control
Group indication for the research papers was “little” for Exam 1, “none” for Exam 2, and “4th”
for the Final Exam (out of six places on the rank-order scale). The Test Group identified the
experiential assignments as the best exam preparation among their traditional course
assignments, a benefit not shared in the Control Group. Responses to the free-response question
to explain the assignment that offered the best exam preparation, the Test Group mentioned the
experiential assignments by 32.6%, 44.4%, and 71.9% for Exams 1, 2, and Final.
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In contrast, the Control Group mentioned the research papers by 8.7%, 0%, and 8.1%,
respectively. Results of the Likert scale prompt in the first two questionnaires showed that the
Test Group acknowledged that the experiential assignments provided some or significant
preparation for the first two exams, and reported a combined 74.4% and 86.1%, respectively,
compared to the Control Group, which reported a combined 33.3% and 11.4% respectively of the
Research Papers. There were no responses in the Test Group that specified Report 2 offered no
preparation for Exam 2, suggesting that even the most pessimistic of students saw at least a
minimal value in Report 2.
In a study that tested learning experience as an indicator of the quality of instruction,
Zerihun et al. (2012) argued that students’ evaluation of their learning should be given equal
attention as traditional indicators when evaluating course instruction. This study supports the
validity of qualitative data in Iteration 1 as preliminary support for experiential learning
assignments in Geology 100. These results called for reviewing and improving the assignments
and study methodology and implementing Iteration 2.
Observations of Iteration 1 prompted changes to the experiential assignments. Iteration 2
randomly allocated students in one section to the groups, rather than utilizing two sections
offered at different times of the day to address possible confounding differences in student
academic motivation. The students were required to submit three independent reports that did not
build on each other to create a final inclusive document to simplify instructions and page length.
Also, we removed elements of the analysis that were less relevant to exam material.
Iteration 2 returned direct learning benefits not present in Iteration 1. This study’s
primary hypothesis was that experiential assignments would produce better exam scores than
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traditional research papers. Comparison of exam scores between the Control and Test groups
revealed that the experiential assignments produced higher exam scores on average than the
research papers by 3.9%, 6%, and 4.6% on the three course exams (1, 2, and Final), respectively.
This result corroborates Burch et al. (2019) findings in which superior learning was achieved
with experiential learning than traditional learning and supports the use of experiential
assignments in Geology 100. However, given the nature of the experiential assignments as exam
preparation, we expected the average difference to be much higher.
We discovered a secondary measure of direct learning when evaluating the regression
analysis of confidence in exam preparation versus exam score. The groups shared an identical
positive correlation between confidence and exam score; however, the results indicated a
significant difference in intercepts; the Test Group scored higher than the Control Group on the
first two exams on average by 4.3% and 5.4%, respectively, when comparing scores at a specific
confidence level. For example, a reported confidence level of seven out of ten on Exam 1 by a
student who completed the research papers would have a predictive score of 86.8%. In
comparison, an identical report of confidence by a student who completed the experiential
assignments would have a predictive score of 91.1%. The Final Exam did not exhibit the same
linear relationship between the Control and Test groups and did not share this result. This
additional finding supports the experiential assignments as useful educational assignments for
Exam 1 and 2 material in the Geology 100 course.
The regression analysis revealed that unlike the first two exams, the Test Group scored
82.9% on average on the Final Exam regardless of their confidence level; alternatively, the
Control Group had a strong positive correlation between their confidence level and their score on
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the Final Exam. The Test Group scored well even if they were not confident in their exam
preparation. While this result supports the experiential assignments in terms of direct learning
measures, it is worth exploring the drop in the relationship between confidence level and
performance. Burch et al. (2019) found similar consequences in experiential learning and
reported that higher-order learning causes students to underestimate their learning. However,
higher-order learning is more desirable when learning information with a clear right or wrong
answer. Parallel to this interpretation, we speculate that this lack of relationship may result from
the rigorous requirements of Report 3. Report 3 included the heaviest analysis out of the three
reports; it required using the information they gathered in the previous two reports to infer an age
for each quarry and report how each quarry represented each period during the Mesozoic era. It
also required the integration of other information from Exam 3 material into the analysis. These
higher-order requirements, while a useful preparatory tool, may have and led students to believe
that the exam would test them on the specifics of the analysis required in Report 3 or that the
questions would require a more considerable depth of understanding. This reasoning explains the
lack of correlation between confidence and performance on the Final Exam, while the actual
difference in scores between the two groups was still significant.
The secondary interest was in determining the indirect benefits of experiential
assignments. The Exam 1 questionnaire yielded 49 responses in the Test Group and 40 in the
Control Group; Exam 2 questionnaire yielded 56 responses in the Test Group and 48 in the
Control Group, and the Final Exam questionnaire yielded 38 responses in the Test Group and 34
in the Control Group. We speculate the reason for the occasional response rate of over 100% is
because the questionnaires are anonymous and through a separate link to Qualtrics™; some may
have accidentally taken the questionnaires more than once.
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Unlike Iteration 1, Iteration 2 statistical analysis did not reveal benefits to student
perception of self-efficacy (p-values=0.8. 0.3, and 0.2). However, regression analysis of
assignment score and exam performance provided a primary indirect benefit. The significant
correlations (p-values=0.01, 0.0002, and 0.025) between the experiential report scores and their
respective exams indicated that the Test Group could rely on their performance on the
experiential assignments to be a positive predictor of performance on the exams. The Control
Group did not share this benefit. This relationship was especially strong for Exam 2, providing a
very small p-value of 0.0002. Exam 2 tested basic knowledge of major dinosaurian clades
(families) and their distinguishing characteristics. The bulk of Report 2 required identifying
dinosaurs in the quarries based on field maps, images, and descriptions, recalling important
distinguishing characteristics for the clades. This result suggests that experiential learning
positively influences mastery in this material.
Questionnaire results produced similar insights as Iteration 1. The questionnaires yielded
significantly positive results toward the Test Group’s experiential assignments; a benefit not
shared in the Control Group toward the Research Papers. Most free-response responses in the
Test Group identified the experiential assignments as the top preparer among all course
assignments for each exam, reporting 57.1%, 58.9%, and 65.8% for the exams (1, 2, and Final),
respectively, compared to the Control Group responses of the Research Papers, reporting 0%,
4.3%, and 20.6%. The vast majority of responses indicated that the experiential assignments
provided some or significant preparation for all exams, reporting a combined 73.5%, 87.5%, and
95.6%, respectively, compared to the Control Group, reporting a combined 20%, 20.8%, and
67.6%, respectively of the Research Papers. There were no responses in the Test Group that
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specified Report 3 offered no preparation for the Final Exam, suggesting that even the most
pessimistic of students saw at least a minimal value in the Final Report.
5.1 Future work
Future iterations of the experiential assignments will address issues that came to light
during this study. These issues are (1) excessive time is required for grading, which hinders
timely feedback, and (2) the assignments’ complexity and difficulty for students to complete
them 100% independently. Burch et al. (2019) observed that experiential assignments are
necessarily complex and advise instructors to strive for clarity (learning transparency) in
assignment design. We will convert Reports 1 and 2 from formal writing assignments to multiple
choice and free response questions to address both points. They will retain the same analysis and
critical thinking effort and quicken grading and feedback, which are especially important before
the Final Exam. The most significant benefit of this format will be simplifying the requirements
of the assignment. Report 3 will follow the same format with the addition of a short, written
report on Mesozoic environments, with extra credit awarded for utilizing the university’s
Research and Writing Center.
This format will reduce instructor feedback, which we initially valued as an integral part
of the assignments. Therefore, the multiple-choice questions will include automatic feedback for
each answer, and the short answer/free response questions receive manual instructor feedback.
This feedback will be available before the exam to support exam preparation. Students will not
be required to address the feedback. However, we will use course management software to
require a redo of the assignment with a score below 80%. This element will provide extrinsic
motivation to address feedback to assist those struggling with the material. Burch et al. (2019)
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found that while feedback facilitates learning, a lack of instructor feedback in experiential
activities did not critically impair student learning. Thus, we do not discuss feedback in more
detail in this study; future studies may quantify and evaluate the value of the feedback built into
these assignments.
6. CONCLUSION
This study evaluated the impact and effectiveness of experiential learning in
undergraduate STEM courses by comparing the exam scores of two groups in the same course
and semester; a control group completing traditional assignments, including two research papers
on topics of their choice, and a test group completing experiential assignments, analyzing data
from four, idealized quarry sites incorporating course learning objectives represented on the
exams. Iteration 1 of the experiential learning assignments showed areas needing improvement.
We redesigned the assignments accordingly and incorporated them in Iteration 2. In the latter
iteration, the Test Group (experiential assignments) performed better, on average, by 4.7% than
the Control Group (term papers). This result suggests the experiential reports are more effective
in preparing for exams than the term papers, which we designed to improve communication
skills. The results of Exam 2 provided unique insight, indicating that the practice of identifying
animals based on field data is an effective way to prepare undergraduate students to master
material related to dinosaurian clades and their distinguishing characteristics. Test Group
responses to questionnaires suggest that the experiential assignments provided the best
preparation for the exams compared to the other traditional assignments they completed,
especially compared to Control Group responses. Additional benefits observed within this study
also included statistically significant relationships between Report score and exam performance.
Performance on the experiential assignments is a reliable gauge for predictive exam scores.
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Finally, Test Group comments in the free-response prompt indicated that students saw a
significant value in the experiential assignments, a benefit not shared in the Control Group.
The experiential assignments improved the exam preparation and performance of
Geology 100 students. The reports will continue to evolve as the needs of the course change. The
continued development and implementation of the experiential assignments are supported by this
study’s optimistic results and current literature supporting experiential learning in STEM
courses. This preliminary study adds to the call for more empirical studies that explore the
benefits of experiential learning and add an urge to undergraduate STEM instructors and scholars
to develop randomized studies to infer the benefits of experiential assignments to the larger
population of undergraduate STEM courses.
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8. APPENDIX
8.1 Appendix A: Experiential assignment supporting documents
8.1.1

Instructions

Quarry Report #1
Depositional Environment and Taxonomy of Quarry 1
Project Description
Dr. Britt’s sudden leave of absence with a mysterious investor, has threatened the progress of his
work. He has entrusted you with the completion of his research. He left his field notes for
FOUR quarries, each representing a different time segment of the Mesozoic (located in the
Contents section of Learning Suite). He wishes you to tell the tale of these four quarries and
educate the public on dinosaurs and paleontology. Using the field notes and maps provided and
your understanding of paleontology, abide by the following outline and project guide to write a
cohesive report.
Please refer to the Project Guide for additional details and rubric criteria.
Report 1 Outline
(Related Learning Objectives from the Study Guide(s) in parentheses if applicable):
1. Introduction
1.1. Describe the task given to you by Dr. Britt. (See Project description)
1.2. Include the locations of each quarry.
1.3. Summarize the main points you will discuss in the report.
2. Depositional Environment
Introduce depositional environment:
2.1. Define “depositional environment” and explain what interpreting depositional
environment can tell us about the past.
2.2. Define uniformitarianism and explain its significance in interpreting depositional
environments (1.3f)
2.3. State in which rock type (sedimentary, igneous, or metamorphic) are almost all fossils
are preserved this rock type and explain why. (1.3.g)
2.4. Define superposition and explain how it contributes to relative time (1.3.m,n)
2.5. Describe how the absolute (numeric) geologic age of a quarry is determined; explain
whether we can radiometrically date the matrix (rock) or bones in a quarry. (1.3.r)
2.6. Which would you use to radiometrically date a quarry: Uranium-Lead (zircon dating) or
Carbon 14. Explain why only one of these methods can be used in a quarry of this age.
(1.3.q)
2.7. Introduce what will be included in the subsections.
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Quarry 1-2 (Concerning Rock Matrices)
2.8. Is the rock matrix sedimentary, igneous, or metamorphic?
2.9. Describe the rock matrix (sandstone, mudstone, etc. as provided in the field notes)
2.10. Describe grain size or sizes and what energy level was required to transport this grain
size.
2.11. What depositional environments does the rock matrix represent? Support your answer.
(Refer to your textbook to help with this section. 1.3.j)
3. Taxonomy
3.1. Introduce what will be included in this section.
Quarry 1
3.2. Identify which *clade each body fossil **belongs to, using the field notes for fossils #19 (include field descriptions in the report). (demonstrates knowledge of evolutionary
novelties and ability to identify archosaurs and dinosaurs based on such novelties.)
3.3. Respond to any posed questions or prompts from field notes for each field number.
(demonstrates knowledge of bone purposes, functions, and other interpretations)
3.4. Describe the variety of animals in the quarry (what was rare, what was common); (1.4.p.,
demonstrates understanding of variation of life through the Mesozoic).
3.5. Create a cladogram for Quarry 1, using the template below, illustrating the phylogenetic
relationship between Diapsids, Archosaurs, Crocodilians, and Dinosaurs (including the
following *clades: diapsida, archosauria, crocodilians, dinosauria, ornithischia,
saurischia, theropoda, sauropoda, prosauropods, and pterosaurs.
Remember to include a caption and refer to the image in the text of your report (see
Project Guide) (1.2.l, 1.4.c)

*List of possible clades found in part d.
**Choose the most inclusive clade, meaning, the most specific clade you can identify from
the fossil alone. Ex. Humerus with an enlarged deltopectoral crest: Theropods have an
enlarged deltopectoral crest on their humerus, but you need more information to determine
that it belongs to a theropod. So, theropoda would not be correct. The most inclusive clade is
dinosauria, because it is a specific evolutionary novelty for this clade-all dinosaurs have this
feature.
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Conclusion
3.6. Summarize the major takeaways from each section of the report.
3.7. Describe how this information contributes to our knowledge of the Mesozoic Era.
4. Reference Page
4.1. Include at least two scholarly references in this report and include a reference page. See
the Project Guide (in the Contents section of Learning Suite) for details.
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Quarry Report #2
Taxonomy of Quarries 2-4

Project Description
Dr. Britt’s sudden leave of absence with a mysterious investor, has threatened the progress of his
work. He has entrusted you with the completion of his research. He left his field notes for
FOUR quarries, each representing a different time segment of the Mesozoic (located in the
Contents section of Learning Suite). He wishes you to tell the tale of these four quarries and
educate the public on dinosaurs and paleontology. Using the field notes and maps provided and
your understanding of paleontology, abide by the following outline and project guide to write a
cohesive report.
Please refer to the Project Guide for additional details and rubric criteria.
Report 2 Outline
(Related Learning Objectives from the Study Guide(s) in parentheses if applicable):
1. Introduction
1.1. Describe the task given to you by Dr. Britt. (See Project description)
1.2. Include the locations of each quarry.
1.3. Summarize the main points you will discuss in the report.
2. Taxonomy
2.1. Introduce what will be included in this section.
Quarries 2 and 3
2.2. Identify which *clade each body fossil **belongs to, using the field notes for fossils #110 (include field descriptions in the report). (demonstrates knowledge of evolutionary
novelties and ability to identify archosaurs and dinosaurs based on such novelties.)
2.3. Respond to any posed questions or prompts from field notes for each field number.
(demonstrates knowledge of bone purposes, functions, and other interpretations)
2.4. Describe the variety of animals in the quarry (what was rare, what was common); (1.4.p.,
demonstrates understanding of variation of life through the Mesozoic).
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Quarry 4
2.5. Identify which *clade each body fossil **belongs to, using the field notes for fossils #19 (include field descriptions in the report). (demonstrates knowledge of evolutionary
novelties and ability to identify archosaurs and dinosaurs based on such novelties.)
2.6. Respond to any posed questions or prompts from field notes for each field number.
(demonstrates knowledge of bone purposes, functions, and other interpretations)
2.7. Describe the variety of animals in the quarry (what was rare, what was common); (1.4.p.,
demonstrates understanding of variation of life through the Mesozoic).
2.8. Include a cladogram, using the template below, at the conclusion of the Taxonomy section
which incorporates all of the major Dinosaur *clades from the course: dinosauria,
saurischia, ornithischia, sauropodomorpha, prosauropods, sauropods, theropoda,
neotheropoda, avetheropoda, basal theropods, ceratosauria, carnosauria, coelurosauria,
neornithichia, thyreophora, ankylosauria, stegosauria, nodosauria, ornithopoda,
hadrosauridae, hadrosaurinae, lambeosaurinae, iguanodontids, marginocephalia,
neoceratopsia, pachycephalosauria, ceratopsia, ceratopsinae, and centrosaurinae. Include
the following **taxa: Allosaurus, Tyrannosaurus Rex, Ankylosaurus, Stegosaurus,
Psittacosaur, Herrerasaurus, Pachyrhinosaurus, Hadrosaurus and Triceratops.
Remember to include a caption and refer to the image in the text of your report (see
Project Guide) (demonstrates fundamental understanding of cladistics and the
phylogenetic relationships between the major clades of dinosauria)
*List of possible clades found in part d of Quarry 4. (However possible answers for notes
requesting taxon name are not limited to this list)
**Choose the most inclusive clade, meaning, the most specific clade you can identify from
the fossil alone. Ex. Humerus with an enlarged deltopectoral crest: Theropods have an
enlarged deltopectoral crest on their humerus, but you need more information to determine
that it belongs to a theropod. So, theropoda would not be correct. The most inclusive clade is
dinosauria, because it is a specific evolutionary novelty for this clade-all dinosaurs have this
feature.

3. Conclusion
3.1. Summarize the major takeaways from each section of the report.
3.2. Describe how this information contributes to our knowledge of the Mesozoic Era.
4. Reference Page
4.1. Include at least two scholarly references in this report and include a reference page. See
the Project Guide (in the Contents section of Learning Suite) for details.
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Quarry Report #3
Mesozoic Environments, Biology & Behavior, and Discussion

Project Description
Dr. Britt’s sudden leave of absence with a mysterious investor, has threatened the progress of his
work. He has entrusted you with the completion of his research. He left his field notes for
FOUR quarries, each representing a different time segment of the Mesozoic (located in the
Contents section of Learning Suite). He wishes you to tell the tale of these four quarries and
educate the public on dinosaurs and paleontology. Using the field notes and maps provided and
your understanding of paleontology, abide by the following outline and project guide to write a
cohesive report.
Please refer to the Project Guide for additional details and rubric criteria.
Report 3 Outline
(Related Learning Objectives from the Study Guide(s) in parentheses if applicable):
1. Introduction
1.1. Describe the task given to you by Dr. Britt. (See Project description)
1.2. Include the locations of each quarry.
1.3. Summarize the main points you will discuss in the report.
2. Biology and Behavior
Describe what we know about dinosaur biology and behavior including, but not limited to, the
following information:
2.1. Are dinosaurs endothermic or ectothermic, how do we know?
2.2. How many chambers does a dinosaur heart have; what evidence do we have to support
this?
2.3. What is the evidence that suggests some dinosaurs were nocturnal?
2.4. How do paleontologists estimate dinosaur weights?
2.5. Give three evidences suggestive of group behavior in dinosaurs. Do any of the quarries
exemplify any of these?
2.6. What is one issue paleontologists run into when interpreting coprolites?
2.7. What is the difference between overprints and underprints? Why can we not use either
to estimate the size of dinosaur tracks?
2.8. Describe how a paleontologist determines ontogenetic age. What is the oldest
ontogenetic age of the Tyrannosaurus rex?
2.9. Describe trace fossils found in the quarries, how each was created, and what each tells us
about dinosaur behavior and/or biology (3.2.a, c-g).
2.10. Include responses to any additional field notes for Trace Fossils.
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3. Mesozoic Environments
3.1. Describe the variety of plants found in each quarry (are they gymnosperms? Ferns?
Angiosperms?) and include responses to applicable field notes for Plant Fossils within
this section.
3.2. Make an inference for the *age of EACH quarry 1-4, based on their vertebrate faunas
(animals) and floras (plants). Support your answer (refer to your summaries of the
variety of animals from each quarry in previous taxonomy sections. You can cite your
previous reports here).
*Possible answers: Late Triassic, Late Jurassic, Early Cretaceous, or Late
Cretaceous) (demonstrates understanding of major characteristics of the Late
Triassic, Jurassic, and Early/Late Cretaceous).
3.3. Describe the location of Earth’s continents/supercontinents and the climate for EACH
quarry, in order of time succession (Late Triassic to Late Cretaceous) (3.1.d, 3.1.f,
1.4.v).
3.4. Define mass extinction.
3.5. How many millions of years ago did the asteroid hit the Earth impact occur and what
geologic time periods bracket this impact? did an impact occur, causing a mass
extinction?
3.6. What are four primary evidences this impact occurred?
3.7. What is, and how do, tektites form?
3.8. Earth’s largest known mass extinction (when 90% of Earth’s species lost) occurred at
the end of which geologic time period?
4. Conclusion
4.1. Summarize the major takeaways from each section of the report.
4.2. Summarize the major changes in (1) flora, (2) fauna, (3) plate tectonics, and (4) climate
in North America and discuss how these changes are represented in the four quarries.
4.3. State how this information helps us understand how life changed through time.
5. Reference Page
5.1. Include at least two *scholarly references in this report and include a reference
page. See the Project Guide (in the Contents section of Learning Suite) for details.
*You can include references for your previous reports here if you cited them in your
text, but they do not count towards your two scholarly sources.
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8.1.2

Maps and field notes
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Location
Arizona

Quarry 1 Field Notes

Rock Matrix
A fine-grained mudstone with interbedded sandstone, red color

Trace Fossils
1. Egg shell fragments
2. Invertebrate (likely insect) burrows in matrix

3. Eubrontes tracks
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4. Grallator tracks

5. Crocodilian swim tracks

Plant Fossils
1. Ginkgo leaf
2. Zamites [cycad] fronds

3. Dechellyia [gymnosperm]
4. Wingatea [fern] frond
Tasks: These plants (P1-P4) are found worldwide during this
time. What does this imply about the variation of flora and
location of the continents during this time?
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Body Fossils
1. Description: Isolated humerus. Features an enlarged
deltopectoral crest (dp).
Tasks: Which dinosaurian clades feature a deltopectoral
crest?

2. Description: Articulated advanced mesotarsal (AM) ankle.
Tasks: What type of posture does this structure support?
3. Description: Articulated ischium, ilium, and pubis arranged as
illustrated:

4. Description: Articulated and ischium, ilium, and pubis arranged
as illustrated, associated with predentary bone
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5. Description: Articulated skull elements, featuring two temporal
fenestrae, a fenestra in front of the orbit (antorbital
fenestra), and a fenestra in the mandible (mandibular
fenestra).
Tasks: Is this an anapsid, diapsid, synapsid, or euryapsid
skull? Explain. What did the antorbital and mandibular
fenestrae hold?

6. Description: Several individuals of this clade, represented by
several different taxa (genera), including Hesperosuchus
(B6.i), Smilosuchus (B6.ii), Desmatosuchus (B6.iii),
Calyptosuchus (B6.iv), Redondasaurus (B6.v), and
Leptosuchus (b6.vi), featuring limbs which orient outwards
from the body and a crocodile ankle structure.
Tasks: Quarry is dominated by this clade. Describe the
crocodile ankle and infer which posture this structure
supports.
7. Description: A prosauropod skull featuring tall, leaf shaped
teeth.
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8. Description: Associated small and slender prosauropod vertebrae
(image shows how they fit together).
Tasks: These vertebrae differ from sauropod vertebrae in that
they lack internal pneumatic features.
Based on the field notes and looking at the quarry map,
which other field number is most likely part of the same
individual as these vertebrae? Explain your answer.

8. Description: Associated wing elements of a primitive pterosaur.
Tasks: Explain whether pterosaurs are dinosaurs.
Give an example of convergence (analogy) and divergence
(homology)of the pterosaur’s wing. Explain how each occur.
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Quarry 2 Field Notes

Location
Northeastern Utah, at Dinosaur National Monument (DNM)
Rock Matrix
Sandstone with chert granules

Trace Fossils
1. Sauropod tracks.
Task: Which tracks are of the front foot? The back foot?
Explain.
2. Three-toed track.
Task: Which clade does this most likely belong to? Support
your answer.
3. Pterosaur trackway
4. Gastroliths
Task: Associated with field number (B9). What does this
mean? Does this make sense? Explain.
Plant Fossils
1. Ginkgo leaves
2. Zamites [cycad] frond

3. Matonidium [fern] frond
4. Czekanowskia [conifer] branch
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Body Fossils
1. Description: Associated blade-like, serrated teeth and large
hands with claws.
Tasks: Give an example of a basal taxon (genus) for this
clade.

2. Description: Several associated blade-like, serrated teeth and
large, clawed, hands, associated with several articulated,
lightly built, sponge-like cervical and dorsal vertebrae.
Tasks: Give an example taxon (genus) of this clade.

3. Description: Allosaurus skull.
Tasks: Which theropod clade (ceratosauria, carnosauria or
coelurosauria) does Allosaurus belong to? This is
associated with field number (B1). What does that mean?
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4. Description: Several sets of long, articulated, pneumatic
cervical and dorsal vertebrae. Each set is from a
different taxon (genus) of this clade.
Tasks: Quarry is dominated by this clade. List the
mechanisms for neck lengthening and describe how their
necks moved.
Identify the features highlighted in blue and yellow in the
dorsal vertebra below. State what filled holes in the
vertebrae.

5. Description: Skull featuring a rounded snout, and the teeth
occlude. Teeth are peg shaped.
Tasks: Is this a camarasaurid or diplodocid skull? How do you
know?

6. Description: Several associated dermal ossicles.
Tasks: What filled ossicle grooves and tubes?
7. Description: A row of large articulated, plate-like, dermal
ossicles and tail spikes.
Tasks: Colleague says the plates are used for
thermoregulation. Are they right? Support answer.
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8. Description: Associated skull with predentary bone, vertebrae,
pelvis, femur, and teeth featuring asymmetrical enamel.
Tasks: What is the function of the asymmetrical enamel.

9. Description: Skull featuring a rounded snout, and the teeth
occlude. Teeth are large and spoon shaped.
Tasks: Is this a camarasaurid or diplodocid skull? How do
you know?

10. Description: Isolated furcula.
Tasks: What is the purpose of this bone?
Which of the dinosaur(s) present in this quarry does it
most likely belong to? Support your answer.
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Quarry 3 Field Notes

Location
Dalton Wells, Utah
Note: The quarry map is a stylized portion of the Dalton Wells
quarry map, shown below:

Rock Matrix
Silty mudstone with matrix supported clasts
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Trace Fossils
1. Broken bone: the neural spine and transverse process are
broken off but closely associated.

2. Trample scratches
Task: Most bones have trample scratches; what caused this?

3. Ankylosaur tracks
4. Utahraptor two-toed track
5. Sauropod tracks
Task: These tracks are smaller than sauropod tracks found in
other quarries. What does this mean about the size of
sauropods in this time period?
6. Theropod bite marks in humerus from body fossil 5(B5).
Task: Which dinosaur in the quarry could have created these
tooth marks? Support your answer.
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7. Insect burrows in a vertebra and humerus of body fossil
3(B3).

8. Gastroliths
Plant Fossils
1. Archaefructus [basal angiosperm]
2. Water lilies
3. Ginkgo leaf
4. Pseudoctenis [cycad] frond
5. Brachyphyllum [conifer] branch with needles
6. Anemia [fern] frond
Body Fossils
1. Description: Associated vertebrae associated and a partial
skull. Vertebrae are lightly constructed and pneumatic
features, including internal channels and external fosse.
Tasks: Explain why complete skulls of this clade are so rare.

2. Description: Several dermal ossicles. Associated with (B5).
Tasks: Explain what it means to say that these are associated
with (B5).
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3. Description: A few elements of an individual, including a fivefingered hand with a characteristic spike on the first
digit (the thumb).
Tasks: What is the function of each digit? Include the
following image in your report.

4. Description: Partial skull with a rostral bone. More developed
individuals of this clade have horns and a frill.
Tasks: State the most basal taxon (genus) of this clade.

5. Description: Many associated elements, forming a relatively
complete skeleton, featuring abundant dermal ossicles, and
a short, wide skull.
Tasks: There are also one other partial skeleton and elements
of another individual of this same clade in the quarry.
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6. Description: Associated blade-like, serrated teeth, lightly
built, sponge-like cervical and dorsal vertebrae, large,
clawed hands, and a characteristic large digit-two claw,
“killer claw” on the foot.
Tasks: State the most likely taxon (genus) based on the
characteristic claw.
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Location
Alberta, Canada

Quarry 4 Field Notes

Rock Matrix
Fine sandstone alternating with dark mudstone

Trace Fossils
1. Hadrosaur track
2. Tyrannosaurus track
3. Several large coprolites. Contents include hadrosaur and
ceratopsian bones and a tyrannosaur tooth.
Tasks: Which animal in the quarry does this coprolite likely
belong to? Support your answer.

72

4. Giant azhdarchid pterosaur tracks

5. Small mammal tracks

Plant Fossils
1. Cinnamomum [avocado tree] leaves
2. Fragment of a Sabalites [palm tree] frond
3. Magnolia leaves
4. Dicotyledonae [Ficus] leaf
5. Dryophyllum [walnut tree] leaf
6. Metasequoia [conifer] needles
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Body Fossils
1. Description: Articulated skeleton. Relatively lightly
constructed body. Skull features crests/tubes. Beak is
broad and duck-billed-like.
Tasks: what is the function or purpose of the crests/tubes?

2. Description: Articulated partial skeleton. Heavily
constructed. Beak is broad and duck-billed-like.
Tasks: Give a well-known example taxon (genus) of this clade.

3. Description: A spiked skull with a bone shelf extending over
occipital region, non-domed, with a rim of knobs and
spikes.
Tasks: Explain if we would identify this differently if the
skull was domed. Support your answer.
Include what the pitting infers about this animal’s
behavior.
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4. Description: Partial skeleton, featuring a skull with a bone
shelf extending over the back of the skull, with two long
postorbital horns and one short nasal horn.
Tasks: Give an example taxon (genus) for this clade.

5. Description: Several dermal ossicles, associated with a clubbed
tail and a short, wide skull.
Tasks: Provide the most likely taxon (genus) for this clade
based on its characteristic clubbed tail.

(side view)
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6. Description: Several dermal ossicles, associated with a skull
featuring a long snout and an armored tail.

(side view)
7.
Description: Associated dental batteries with a predentary
bone.
Tasks: Describe what a dental battery is and its function.
Explain the significance of dental batteries to the success
of this clade.
8. Description: Partial skeleton of a very large dinosaur,
featuring blade-like, serrated teeth, lightly built,
sponge-like pneumatic cervical and dorsal vertebrae, large,
two-clawed hands.
Tasks: State the most likely taxon (genus) based on the
additional characteristics.
What is the evolutionary relationship this dinosaur has to
modern birds?

9. Description: Skull, featuring a bone shelf extending over
occipital region of the skull, with short postorbital horns
and a long nasal horn.
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